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Summary
Background:  Leptospirosis  is  a  globally  important  zoonotic  disease  caused  by
pathogenic  Leptospira, and  outbreaks  typically  follow  heavy  rainfall  and  ﬂooding.
This  study  examined  the  knowledge  and  perceptions  concerning  leptospirosis,  fac-
tors  associated  with  environmental  hygiene  and  sanitation,  and  the  presence  of
Leptospira  in  water  samples  from  households  with  or  without  a  history  of  the  disease
in  the  parish  of  St.  Mary,  Jamaica.
Methods:  The  study  employed  a  cross-sectional  design  in  43  communities  within
the  parish  of  St.  Mary,  Jamaica  between  September  2008  and  March  2009.  House-
holds  that  had  at  least  one  conﬁrmed  case  of  leptospirosis  during  the  2005  or  2007
outbreaks  were  assessed  for  living  conditions,  environmental  hygiene,  and  for  knowl-
edge  and  risk  perceptions  about  leptospirosis.  A  parallel  sampling  scheme  was  used
for  households  with  no  reported  cases  during  the  outbreak  years.
the  participants  reported  having  heard  of  leptospirosis;  how-Results:  Almost  97%  of  
ever,  less  than  40%  of  respondents  from  households  with  a  history  of  leptospirosis
agreed  that  leptospirosis  was  a  problem  in  the  parish.  Among  households  without  a
history  of  leptospirosis,  this  perception  was  greater  in  urban/peri-urban  households
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than  in  rural  households  (59%  vs.  21%;  p  =  0.04).  Risk  behaviors  or  living  conditions
were  common;  however,  there  was  a  high  level  of  awareness  about  the  health  risks
associated  with  ﬂooding.  Among  households  with  history  of  leptospirosis,  the  percep-
tion  that  nothing  can  be  done  to  control  rodents  was  signiﬁcantly  higher  (p  <  0.04)
in  rural  (50%)  than  in  urban/peri-urban  (17.6%)  households.  Nine  (4%)  water  samples
were  positive  for  Leptospira; 56%  of  these  were  from  water  stored  for  domestic  pur-
poses.  Overall,  residence  in  rural  communities,  presence  of  a  garbage  dump,  and
leptospiral  DNA  in  water  samples  correlated  with  households  with  the  history  of  the
f  rural  communities  regarding  leptospirosis  and  its  prevention
sposal  and  rodent  control  should  be  urgently  initiated.
dulaziz  University  for  Health  Sciences.  Published  by  Elsevier
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Andrew to  the  south.  The  parish  is  Jamaica’s  ﬁfth
smallest  with  an  area  of  610  km2. Leptospirosis  is
endemic in  the  parish,  and  there  were  signiﬁcant
numbers of  cases  during  the  2005  and  2007  out-disease  (p  <  0.01).
Conclusions:  Education  o
through  proper  waste  di
©  2014  King  Saud  Bin  Ab
Ltd.  All  rights  reserved.
ntroduction
eptospirosis  is a  globally  important  zoonotic
isease caused  by  infection  with  pathogenic  lep-
ospires,  which  can  survive  in  the  environment  for
eeks and  enter  the  body  through  cuts,  abrasions,
ucous membranes,  or  waterlogged  skin  [1—4].
umans are  infected  through  contact  with  the  urine
f animal  reservoirs  or  with  water  or  soil  that  has
een contaminated  by  the  urine  of  infected  animals
5].  There  are  frequent  outbreaks  of  leptospiro-
is in  Jamaica,  typically  following  periods  of  heavy
ainfall  and  ﬂooding.  The  island  reports  an  annual
ncidence  of  6  cases  of  leptospirosis  per  100,000
eople (approximately  153  cases),  but  because  the
isease is  difﬁcult  to  diagnose,  it  is  widely  believed
hat the  actual  incidence  is higher  [6,7].  Rats
nd dogs  are  important  reservoirs  of  leptospirosis
orldwide, and  outbreaks  are  often  linked  to  envi-
onmental  and  climatic  conditions  that  lead  to  their
roliferation  [7—10].  During  the  latter  months  of
005 and  2007,  there  was  heavy  rainfall  in  Jamaica
ssociated with  major  tropical  weather  systems.  In
oth periods,  there  was  persistent  ﬂooding  in  sev-
ral areas  of  the  country,  and  2—3  months  after  the
ainfall  events  began,  there  was  a  sharp  increase  in
he number  of  serologically  conﬁrmed  leptospirosis
ases [11].  In  2005,  there  were  253  cases  (inci-
ence rate,  12/100,000)  with  55  reported  deaths,
hile  in  2007,  there  were  328  cases  (incidence  rate,
4/100,000),  with  26  deaths  attributed  to  leptospi-
osis.  Most  patients  recover  completely  from  renal
nd liver  disease;  however,  headache,  fatigue  and
cular problems  may  persist  over  many  months  to
ears [1],  so  the  morbidity  of  this  disease  can  be
igniﬁcant.The increased  interest  in  leptospirosis  in  tropical
ountries such  as  Jamaica  is  related  to  the  weather
henomenon known  as  the  El  Nin˜o  southern  oscil-
ation  (ENSO),  which  causes  weather  disturbances
b
h
ohat  create  conditions  favorable  to  transmission
11,12]. There  are  historical  differences  in  the
pidemiology  of  leptospirosis  in  temperate  and
ropical regions.  However,  a fairly  recent  outbreak
f the  disease  in  Germany  highlights  the  fact  that
lobal climate  change  may  be  erasing  the  distinc-
ion between  temperate  and  tropical  transmission
atterns [13]. A  broad  cross-section  of  the  popula-
ion in  Jamaica  and  other  tropical  countries  is  at
isk for  leptospirosis,  including  urban  slum  dwellers
nd subsistence  farmers  in  rural  communities,  who
ay be  at  highest  risk  [14,15].
Even though  nearly  a  century  of  research  has
een conducted  on  leptospirosis,  and  over  50  years
ave passed  since  the  disease  was  ﬁrst  recognized
n Jamaica,  major  gaps  exist  in  understanding  the
entral mechanisms  of  its  transmission  on  the  island
6,16,17].  Thus,  the  purpose  of  this  study  was  to
xamine  the  current  state  of awareness  of  leptospi-
osis,  as  well  as  of  behaviors  and  living  conditions
eading to  increased  exposure  risk  among  house-
olds  from  the  parish  of  St.  Mary  with  a history  of
rior leptospirosis  cases.
ethodology
etting, sample and population
t.  Mary  is  located  in  the  northeast  section  of
amaica, at  latitude  18◦09′ N,  longitude  77◦03′ W.
t is  bordered  by  the  parishes  of  Portland  to  the
ast, St.  Ann  to  the  west,  and  St.  Catherine  and  St.reaks.  Between  September  2008  and  March  2009,
ouseholds  that  had  at  least  one  conﬁrmed  case
f leptospirosis  during  the  2005  and/or  the  2007
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outbreaks  were  identiﬁed  and  assessed  for  living
conditions,  environmental  hygiene,  and  for  knowl-
edge and  risk  perceptions  about  leptospirosis.
Study design
This  study  had  a  cross-sectional  design.  Data
were  obtained  through  a  combination  of  health
records review,  a  household  survey,  environmen-
tal sampling,  and  inspection.  To  obtain  information
about the  same  indicators  in  households  with  no
reported  history  of  leptospirosis,  a  parallel  but  sep-
arate sampling  scheme  was  used  in  some  of  the
same communities  to  identify  households  with  no
reported cases  during  the  outbreak  years.  For  these
households,  the  only  inclusion  criteria  were  loca-
tion in  some  of  the  same  communities  as  households
with  history  of  leptospirosis  during  the  2005/2007
outbreaks, and  no  reported  history  of  leptospiro-
sis cases  during  those  outbreaks.  Households  were
enrolled  from  urban,  peri-urban  and  rural  commu-
nities.  For  the  purposes  of  this  study,  peri-urban
communities were  deﬁned  as  areas  adjacent  to
urban areas  but  that  lacked  regular  access  to  basic
sanitation  services.
Sampling technique and data collection
The  head  of  household  or  an  adult  occupant  (≥18
years old)  was  approached  for  study  participation
and informed  consent.  A  pre-tested  questionnaire
was administered  to  the  head  of  household  to
collect data  regarding  socio-demographic  charac-
teristics  and  knowledge  and  perceptions  about
leptospirosis.  The  39-item  Likert-type  instrument,
designed by  the  authors,  was  pre-tested  in  com-
munities  in  the  adjoining  parish  of  Portland  before
being used  in  the  project.  Knowledge  items
assessed sources  of  information  about  leptospirosis
and how  the  disease  is  transmitted,  its  mani-
festations and  treatment,  while  perception  items
probed  personal  concerns,  social  habits  and  prac-
tices.  Household  premises  and  adjoining  areas  were
inspected  to  observe  and  document  waste  disposal
practices,  water  source  and  supply,  rodent  infesta-
tion, and  general  sanitation.
Water collection and analysis
When  available  to  sample  at  the  time  of  the  visit,
ﬁve 50-mL  water  samples  (225  in  all)  were  col-
lected  from  puddles,  gutters,  collected  rainwater,
rivers, or  streams  that  were  located  on  or  adjacent
to the  households  enrolled  in  the  study.  Samples
were collected  in  sterile  polypropylene  centrifuge
tubes and  kept  on  ice  during  transportation  to
p
w
A
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he  laboratory.  Water  samples  were  centrifuged
t 6000  rpm  for  10  min  at  room  temperature.  The
upernatant  was  removed,  except  for  approxi-
ately 3—5  mL,  which  was  used  to  re-suspend  the
ellet. Four  to  seven  hundred  microliters  of  this  sus-
ension were  used  to  extract  genomic  DNA  using  the
oBIO Soil  kit  (MoBIO,  Carlsbad,  CA,  USA)  or  the
IAamp  DNA  Mini  Kit  (Qiagen,  Valencia,  CA,  USA)
ollowing  the  manufacturer’s  protocol.  To  deter-
ine the  genetic  similarities  between  leptospiral
equences found  in  the  water  samples,  previously
dentiﬁed strains  from  post-mortem  samples,  as
ell as  15  well-characterized  leptospiral  strains
ere included  in  the  study.  Puriﬁed  DNA  sam-
les were  stored  at  −20 ◦C  until  analyzed  by  PCR.
wo microliters  of  puriﬁed  genomic  DNA  samples
ere ampliﬁed  in  a  20-l  reaction  mixture  using
rimers fD1/rD1  [18]  and  the  Promega  GoTaq  or
lexi DNA  kits  (Promega  Corp.,  USA).  PCR  con-
itions  consisted  of  initial  denaturation  at  94 ◦C
or 5  min,  followed  by  30  cycles  of  denaturation
t 94 ◦C  for  30  s,  primer  annealing  at  42 ◦C  for
0 s and  chain  extension  at  72 ◦C  for  2 min,  and
 ﬁnal  extension  at  72 ◦C  for  5  min.  All  ampliﬁca-
ions were  performed  in  a GeneAmp  9700  Cycler
Applied Biosystems,  USA),  and  ampliﬁcation  prod-
cts (10  l)  were  assessed  on  1%  agarose  gels
tained with  ethidium  bromide  and  visualized  by
V illumination.  Each  round  of  ampliﬁcation  was
erformed  with  positive  control  DNA  extracted
rom 15  pathogenic  Leptospira  spp.,  and  ster-
le distilled  water  as  a negative  control.  Absence
f inhibition  was  assessed  by  ampliﬁcation  of  an
nternal control  DNA  in  putative  negative  sam-
les.
Positive samples  were  diluted  1:100  in  ster-
le distilled  water  and  subjected  to  a  second
ound of  ampliﬁcation  using  the  nested  primers
epto16S11f tailed  with  M13  primer  (5′-TGTAA
ACGACGGCCAGTGGCGGCGCGTCTTAAACATGC-3′),
epto16S505f  or  lepto16S1006f  and  lepto16S1338r
 PCR  conditions  consisted  of  95 ◦C  for  10  min,
ollowed by  35  cycles  of  ampliﬁcation,  each  cycle
onsisting  of  94 ◦C  for  30  s,  56 ◦C  for  1  min,  and
2 ◦C  for  2 min.  Ampliﬁcation  products  (10  l)  were
ssessed on  1%  agarose  gels  as  before.  Positive
amples were  cycle  sequenced  in  a GeneAmp  9700
ycler using  BigDye  Terminator  kit  ver.  3.1  (Applied
iosystems,  San  Juan,  Puerto  Rico)  and  the
13-tailed lepto16S11f  forward  primer.  Reaction
onditions  were  according  to  the  manufacturer’s
irections. Genomic  DNA  of  Leptospira  from  all
ositive  PCR  water  samples  and  reference  strains
as similarly  treated  and  prepared  for  sequencing.
ll prepared  leptospiral  sequences  were  analyzed
y Caribbean  Genetics  UWI,  Mona,  Jamaica.
K tors
S
Q
a
i
m
s
w
p
t
s
k
i
a
c
a
w
o
a
c
c
h
s
F
<
a
E
E
s
t
a
B
R
N
m
J
h
i
w
A
e
c
M
t
1
H
g
7
2
i
a
p
w
1
o
m
l
a
c
o
s
e
o
h
p
i
t
S
o
s
e
u
h
a
s
p
t
t
p
i
r
G
4
l
o
h
c
h
6
u
c
s
h
a
1
p
m
7
(nowledge,  perceptions  and  environmental  risk  fac
tatistical analyses
uestionnaire  data  on  household  characteristics
nd knowledge  and  perceptions  about  leptospirosis
nfection risk,  included  in  the  Likert-type  instru-
ent  (of  largely  independent  ordinal  items),  were
ummarized  separately  for  households  with  and
ithout  a  leptospirosis  history.  This  summary  was
erformed  to  avoid  the  confusion  of  interpreting
he study  as  a  case—control  one.  Furthermore,
igniﬁcant  differences  in  the  variables  regarding
nowledge about  leptospirosis  and  how  the  disease
s transmitted,  its  manifestations  and  treatment,
nd perception  items  that  examined  personal  con-
erns, social  habits  and  practices  between  rural
nd urban/peri-urban  communities  were  examined
ithin  each  set  of  households  using  chi-square
r Fisher  exact  tests.  Univariate  and  multivariate
nalyses were  carried  out  for  knowledge  and  per-
eption items  in  relation  to  association  between
ommunity type  (rural  vs  urban/peri-urban)  and
istory.  Data  analysis  was  performed  with  the  R
tatistical  package  version  2.15.1  (2012;  The  R
oundation  for  Statistical  Computing).  A  p-value  of
0.05 was  considered  statistically  signiﬁcant  in  all
nalyses.
thical considerations
thical  approvals  were  obtained  from  The  Univer-
ity of  the  West  Indies,  Mona  Ethics  Committee,
he Ministry  of  Health,  Jamaica  Ethics  Committee,
nd the  University  of  Minnesota  Institutional  Review
oard  (No.  0901M57541).
esults
inety-one  interviews  were  conducted  in  43  com-
unities  throughout  the  parish  of  St.  Mary,
amaica. Respondent  households  included  55  that
ad at  least  one  conﬁrmed  case  of  leptospirosis  dur-
ng the  2005  or  2007  outbreaks  and  36  households
ith no  reported  history  of  the  disease  (Table  1).
mong invited  households,  participation  was  in
xcess of  98%.  Thirty-one  (34%)  interviews  were
onducted in  the  main  town  and  parish  capital,  Port
aria, making  this  the  area  with  the  largest  clus-
er of  respondents.  Respondent’s  ages  ranged  from
8 to  78  years  and  most  (56,  63%)  were  female.
ouseholds had  an  average  of  ﬁve  persons,  ran-
ing from  three  to  15  persons.  The  majority  (71,
8%) of  the  homes  surveyed  were  family-owned,
0 (22%)  were  rented,  and  12  (13%)  of  respondents
ndicated that  they  had  other  types  of  occupancy
l
s
r associated  with  leptospirosis  317
rrangements.  The  following  four  occupations  were
racticed by  over  two-thirds  of  respondents:  house-
ife (26,  29%),  farmer  (13,  14%),  ofﬁce  worker  (13,
4%), and  shopkeeper  (9,  10%).  A  large  majority
f the  respondents  (75,  82%)  indicated  either  pri-
ary or  secondary  school  as  their  highest  education
evel.
The  majority  of  the  55  (69.1%)  households  with
 history  of  leptospirosis  were  enrolled  from  rural
ommunities  (Table  1).  A  large  proportion  (85.2%)
f households  had  access  to  and  used  piped  water
upplied  by  the  National  Water  Commission;  how-
ver, 40.7%  of  the  households  also  reported  use
f a  public  well,  river  or  rainwater.  Almost  all
ouseholds (96.3%)  stored  water  for  domestic  pur-
oses, mostly  in  bottles.  Other  storage  containers
ncluded tanks  situated  outside  of  the  dwelling
hat collected  rainwater  run-off  from  housetops.
ome of these  were  dug  into  the  ground,  while
thers were  above  ground,  depending  on  the
lope of the  land.  Either  of  these  could  be  cov-
red, but  the  covered  tanks  were  more  likely  to
se a water  pump  for  delivery  of  water  to  the
ouse.
A variety  of  household  solid  waste  (refuse)  man-
gement  practices  were  observed  in  the  homes
urveyed. Households  commonly  used  recycled
lastic grocery  bags  or  other  non-speciﬁc  con-
ainers to  collect  and  initially  store  refuse  prior
o disposal,  often  within  the  home.  For  the  pur-
oses of  this  study,  good  garbage  storage  practices
ncluded  use  of  clearly  identiﬁed,  securely  covered
eceptacles  that  were  not  overﬂowing  or  leaking.
ood  garbage  storage  practices  were  observed  in
5.5% of  the  households  with  a reported  history  of
eptospirosis;  however,  an  open  garbage  dump  was
bserved in  close  proximity  to  50%  of  these  house-
olds  (Table  1),  and  only  22/54  (41%)  had  municipal
ollection  for  ﬁnal  disposal.
Enrollment  efforts  resulted  in  a  total  of  36  house-
olds  without  a  reported  history  of  leptospirosis,
1.1% (22/36)  of  which  were  from  urban  and  peri-
rban  communities  and  38.9%  (14/36)  from  rural
ommunities  (Table  1).  Though  not  statistically
igniﬁcant, among  these  households,  the  head  of
ousehold was  younger,  and  there  were  fewer  with
ccess  to  public  wells,  river  or  rainwater  (7/36,
9%).  On  the  other  hand,  this  group  had  fewer
remises with  open  garbage  dumps  (5/35,  14.3%),
ore with  good  garbage  disposal  practices  (27/36,
5%)  and  more  that  used  bottles  for  water  storage
29/34, 85.3%)  (p  <  0.05,  Table  1).The overwhelming  majority  of respondents  (at
east 97%)  reported  that  they  had  heard  of  lepto-
pirosis (Table  1).  However,  less  than  40%  of
espondents from  households  with  a  history  of
318  P.  Allwood  et  al.
Table  1  Characteristics  of  enrolled  households  from  the  parish  of  St.  Mary,  Jamaica  with  history  of  leptospirosis
cases  during  the  2005/2007  outbreaks.
History  of  leptospirosis  (n  =  55)  No  reported  history  of
leptospirosis  (n  =  36)
p  value
Community  type  <0.01
Rural  38/55  (69.1%)  14/36  (38.9%)
Peri-urban  2/55  (3.6%)  8/36  (22.2%)
Urban  15/55  (27.3%) 14/36  (38.9%)
Male  head  of  household 22/53  (41.5%) 11/36  (30.6%) 0.49
Age  head  of  household 44.9  (48,  19—78) 39.7  (37.5,  18—73) 0.07
Head  of  household  education  0.29
None  3/55  (5.5%)  0/36  (0%)
Primary  21/55  (38.2%)  18/36  (50.0%)
Secondary  21/55  (38.2%)  15/36  (41.7%)
Tertiary  10/55  (18.2%)  3/36  (8.3%)
Heard  of  leptospirosis  54/55(98%)  34/35  (97%)  0.62
Rodents  are  current  problem  30/44  (68.2%)  23/32  (71.9%)  0.93
Dogs  are  current  problem  44/54  (81.5%)  24/36  (66.7%)  0.18
Use  of  municipal  (piped)  water  46/54  (85.2%)  32/35  (91.4%)  0.52
Use  of  public  well,  river  or  rainwater  22/54  (40.7%)  7/36  (19.4%)  0.06
Stores  household  water  52/54  (96.3%)  34/35  (97.1%)  1.0
Use  of  open  containers  for  water
storage
8/53  (15.1%)  1/34  (2.9%)  0.08
Use  of  closed  containers  for  water
storage
21/53  (39.6%)  7/34  (20.6%)  0.09
Use  of  bottles  for  water  storage 33/53  (62.3%) 29/34  (85.3%) 0.03
Presence  of  garbage  dump 27/54  (50.0%) 5/35  (14.3%) <0.01
Good  garbage  storage  practices
observed
25/55  (45.5%) 27/36  (75.0%) <0.01
Clean  premises  observed  25/44  (56.8%)  26/35  (74.3%)  0.16
Good  excreta  disposal  observed  19/37  (51.4%)  18/31  (58.1%)  0.63
Recent  ﬂooding  16/54  (29.6%)  9/34  (26.5%)  0.81
Water  sample  positive  for  Leptospira  9/22  (40.9%)  0/20  (0%)  <0.01
A set of households without reported history was used as a reference for comparisons.
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on the number of responses for the particular item surveyed.
leptospirosis  agreed  that  leptospirosis  was  a  prob-
lem in  the  parish  of  St.  Mary,  with  no  difference
between rural  and  urban/peri-urban  households
(Table  2).  In  contrast,  among  households  without
a reported  history,  more  urban/peri-urban  (59.1%)
and rural  (21.4%)  respondents  agreed  that  lepto-
spirosis  was  a  problem  (p  =  0.04).  However,  nearly
all respondents  agreed  with  the  statement  that
leptospirosis  can  be  fatal  for  people  and  animals
(Table  2).  Most  respondents,  regardless  of  leptospi-
rosis history,  conveyed  a  level  of  awareness  about
the diagnosis,  treatment,  and  potential  severity  of
leptospirosis.  However,  less  than  40%  of  respon-
dents were  aware  that  leptospirosis  can  also  be
asymptomatic.  A  large  majority  of  respondents
(>80%) agreed  that  rodents  and  dogs  can  spread
leptospirosis, and  more  than  84%  believed  that
foods chewed  by  rodents  were  unsafe  for  human
consumption (Table  2).
h
r
iry) and 36 (without a history), actual denominators are based
Respondents  agreed  overwhelmingly  that  good
anitation prevents  leptospirosis  and  that  proper
efuse  management  was  linked  to  prevention  of
odent infestations  (more  than  85%);  however,  a
igniﬁcant proportion  of  respondents,  in  particular
hose  from  households  with  a  history  of  leptospiro-
is (44.7%  in  rural  and  41.2%  in  urban/peri-urban
ouseholds,  Table  2)  failed  to  see  open  refuse
umping in  the  back  yard  as  a contributing  factor  to
he presence  of  rodents  within  their  dwellings.  The
erception  that  nothing  could  be  done  to  control
odents  was  reported  often.  Furthermore,  among
ouseholds  with  history  of leptospirosis,  this  belief
as signiﬁcantly  more  common  in  rural  (50%)  than
n urban/peri-urban  (17.6%)  (p  = 0.04)  households.
dditionally, several  respondents  in  both  types  of
ouseholds  and  community  types  believed  that
at consumption  was  a  potential  cure  for  whoop-
ng cough.  Conversely,  swimming  in  ﬂoodwaters
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Table  2  Knowledge  and  perceptions  regarding  leptospirosis  among  of  households  with  and  without  a  history  of  the  disease.
Question  asked Proportion  of  ‘case’  households
who  agreed  with  statement
p value  Proportion  of  ‘non-case’  households
who  agreed  with  statement
p value
Rural Urban/peri-urban  Rural Urban/peri-urban
Leptospirosis  is  a  problem  in  St.  Mary 14/38  (36.8%) 6/17  (35.3%) 0.84  3/14  (21.4%) 13/22  (59.1%) 0.04
Leptospirosis  can  be  fatal  for  people  and
animals
36/38  (94.7%) 16/17  (94.1%) 0.58  11/14  (78.6%) 21/22  (95.5%) 0.28
Leptospirosis  can  be  asymptomatic  15/38  (39.5%)  6/17  (35.3%)  0.99  5/14  (35.7%)  7/22  (31.8%)  1.0
Leptospirosis  can  be  treated  with
medication
36/38  (94.7%)  14/17  (82.4%)  0.33  13/14  (92.9%)  21/22  (95.5%)  1.0
There  is  a  diagnostic  test  for  leptospirosis  35/38  (92.1%)  16/17  (94.1%)  0.77  13/14  (92.7%)  20/22  (90.9%)  1.0
Good  sanitation  prevents  leptospirosis  35/38  (92.1%)  15/17  (88.2%)  0.96  12/14  (85.7%)  21/22  (95.5%)  1.0
Rodents  and  dogs  spread  leptospirosis  36/37  (97.3%)  16/17  (94.1%)  0.84  13/13  (100%)  17/21  (81.0%)  0.14
Leptospirosis  can  be  spread  through  contact
with  a  case
10/38  (26.3%)  5/17  (29.4%)  0.93  3/14  (21.4%)  4/22  (18.2%)  1.0
Food  chewed  by  rodents  is  safe  to  eat  6/38  (15.8%)  1/17  (5.9%)  0.56  0/14  (0%)  3/22  (13.6%)  0.27
Food  damaged  by  rodents  must  be  discarded  36/38  (94.7%)  13/17  (76.5%)  0.07  13/14  (92.7%)  18/22  (81.8%)  0.63
Good  waste  management  controls  rodents  35/38  (92.1%)  16/17  (94.1%)  0.77  12/14  (85.7%)  22/22  (100%)  0.14
Open  refuse  damping  does  not  contribute  to
rodents  in  home
17/38  (44.7%)  7/17  (41.2%)  0.96  5/14  (35.7%)  5/22  (22.7%)  0.46
Nothing  can  be  done  to  control  rodents  19/38  (50.0%)  3/17  (17.6%)  0.04  4/14  (28.6%)  5/22  (22.7%)  1.0
Bush  rats  do  not  carry  diseases  3/38  (7.9%)  5/17  (29.4%)  0.09  3/14  (21.4%)  4/22  (18.2%)  1.0
Rat  soup  cures  whooping  cough  in  children  3/38  (7.9%)  3/17  (17.6%)  0.36  1/14  (7.1%)  2/22  (9.1%)  1.0
It  is  safe  to  swim  in  ﬂoodwaters  0/38  (0%)  0/17  (0%)  N.A.  0/14  (0%)  0/22  (0%)  N.A.
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was  universally  recognized  as  an  unsafe  practice
(Table  2).  Univariate  and  multivariate  comparisons
did not  ﬁnd  statistically  signiﬁcant  differences  in
knowledge  and/or  perception  variables  between
households with  a  history  of  leptospirosis  and  those
without.
A total  of  225  water  samples  were  collected  in
the vicinity  of  51  locations  throughout  the  study
area and  analyzed  for  the  presence  of  pathogen-
related leptospiral  DNA.  Nine  (4%)  of  the  samples
were positive  for  leptospiral  DNA,  and  56%  of
these were  collected  from  drums  used  to  collect
and store  water  for  domestic  purposes.  Four  of
the positive  samples  were  from  the  densely  pop-
ulated  health  district  of  Highgate.  Another  two
were from  the  neighboring  health  district  of  Gayle.
Leptospiral  sequences  of  the  Highgate  water  sam-
ples resembled  those  of  Leptospira  interrogans
serovars Portlandvere  and  Icterohaemorrhagiae.
However,  other  sequences  appeared  unrelated  to
the laboratory  strains  used  in  this  study  (data
not shown).  A  signiﬁcantly  higher  proportion  of
positive water  samples  (Table  1)  were  from  house-
holds with  a  history  of  leptospirosis  (p-value
<0.01).
Discussion
Leptospirosis  is  a  globally  important  zoonotic  dis-
ease whose  transmission  is  associated  with  a  variety
of environmental  factors,  from  improper  water
storage for  domestic  purposes  and  poor  waste
disposal practices  in  the  household  environment
to ﬂooding,  which  can  result  in  large-scale  out-
breaks  [5,14,19,20]. It  is  well  known  that  contact
with ﬂoodwaters  is  an  important  risk  factor  for
transmission of  Leptospira  [14]. Efforts  to  prevent
leptospirosis in  endemic  areas  have  relied  heavily
on public  health  education  to  help  communities
understand  risk  factors  and  appropriate  safeguards
[19].  In  the  present  study,  while  the  majority  of
respondents  had  some  knowledge  of  leptospirosis,
a large  proportion  did  not  think  that  they  or  their
families were  at  risk  for  the  disease.  This  was  even
true among  respondents  in  households  that  had
a history  of  leptospirosis.  Thus,  not  surprisingly,
behaviors and  environmental  risk  factors  observed
during  the  study  suggest  that  residents  are  at  signif-
icant ongoing  risk  from  the  disease.  Several  factors
may be  contributing  to  this,  including  a  lack  of  or
inconsistent  refuse  collection  services,  unreliable
public water  supplies  (which  lead  to  behaviors  by
residents such  as  storage  of  water  for  domestic  pur-
poses),  and  poor  refuse  management,  which  are
L
F
pP.  Allwood  et  al.
oth  conducive  to  leptospirosis  remaining  endemic
n the  area.
The presence  of  poor  refuse  disposal  practices
as a widespread  ﬁnding  that  seemed  to  be  linked
o the  limited  availability  of municipal  collection
ervices, which  was  a greater  issue  in  rural  com-
unities. Thus,  even  though  good  refuse  storage
ractices were  observed  in  a  large  proportion  of
ouseholds  with  a history  of  leptospirosis,  many
f these  residents  also  appeared  to  be  practic-
ng open  dumping  on  or  near  their  premises  as  a
eans of  ﬁnal  disposal.  Despite  the  obvious  con-
ection  between  the  refuse  disposal  issue  and  a
ack of  community  resources,  this  is not  its  only
ause.  This  conclusion  is  supported  by  the  fact
hat while  over  80%  of  respondents  were  aware
hat rodents  and  dogs  can  spread  leptospirosis,  45%
ould not  see  a  connection  between  open  dumping
nd rodent  infestations  of  their  homes.  Environ-
ental sanitation  is  a  cornerstone  of  infectious
isease prevention,  but  current  United  Nations  esti-
ates show  that  2.6  billion  people  around  the
orld  lack  access  to  basic  sanitation.  Progress
oward Millennium  Development  Goals  related  to
nvironmental  sanitation  is  slowest  in  developing
ountries, particularly  those  with  large  rural  popu-
ations such  as  Jamaica  [20—23].
Water  storage  for  domestic  purposes  is  a  com-
on practice  throughout  the  study  area  and  was
bserved  at  similar  frequencies  in  both  households
ypes studied.  Water  storage  is  necessary  because
he supply  from  the  National  Water  Commission  is
nreliable, particularly  during  the  dry  seasons  and
fter natural  disasters.  Four  of  the  nine  positive
ater samples  were  from  water  storage  containers
n the  densely  populated  town  of  Highgate,  which
oints to  the  possibility  that,  given  the  unreliabil-
ty of  municipal  water  supplies,  improper  water
ollection  and  storage  may  also  be  risk  factors
or leptospirosis  in  Jamaica.  Several  communities
ithin the  study  area  are  prone  to  ﬂooding,  and
ore than  25%  of  included  households  had  expe-
ienced  recent  ﬂooding.  It is  well  known  that
ontact with  ﬂoodwaters  is  an  important  risk  factor
or transmission  of  leptospirosis  because  ﬂoodwa-
ers are  often  contaminated  with  leptospires  [14].
herefore, our  ﬁnding  that  none  of  the  respon-
ents in  this  study  agreed  that  it  is  safe  to  swim
n ﬂoodwaters  is a  good  indicator  that  there  is  good
ommunity  penetration  of  the  message  that  ﬂood-
aters can  be  a  source  of  leptospirosis.imitations and strengths of the study
or  the  purposes  of  this  study  and  analyses,
eri-urban and  urban  communities  were  combined
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Rnowledge,  perceptions  and  environmental  risk  fac
ecause  these  were  geographically  close  together
nd had  more  in  common,  such  as  access  to  basic
anitation  services,  although  these  were  variable
n terms  of  regularity.  These,  we  felt  did  not  have
ny signiﬁcant  effect  on  associations  between  the
ariables  assessed,  and  in  fact  might  have  been
ore  reﬂective  of  the  true  picture  of the  com-
unities. One  of  the  strengths  of  this  study  was
he use  of  Public  Health  Inspectors  who  were
ased within  the  communities  and  who  were  famil-
ar with  the  environment  and  the  people.  The
mmediate consequences  of  this  were  a  very  high
esponse  rate  and  the  possible  elimination  of  any
ampling or  systematic  bias.  In  addition,  a  previ-
usly validated  questionnaire  was  used  to  gather
omprehensive  data  regarding  socio-demographic
haracteristics  and  knowledge  and  perception
bout leptospirosis  from  the  communities.  Further,
ather than  depending  on  self-reporting,  a standard
orm  was  used  to  record  observations  regarding
aste disposal  practices,  water  source  and  supply,
he presence  of  rodents,  and  general  sanitation.
lthough St.  Mary  is  often  regarded  as  the  poorest
and most  deprived)  parish,  many  of  the  conditions
bserved within  these  communities  are  observed
lsewhere in  the  country,  making  the  ﬁndings  of  the
tudy generalizable,  particularly  in  those  parishes
hat have  a  substantial  rural  population.  The  major
imitation  of  this  study  was  the  relatively  small  sam-
le size,  which  most  likely  affected  multivariate
nalysis of  knowledge  and  perception  items.
onclusions
his  study  demonstrated  that  there  are  complex
nvironmental  and  behavioral  factors  associated
ith the  continuing  threat  of  leptospirosis  in  St.
ary. While  heavy  rainfall  and  ﬂooding  have  been
reviously  associated  with  leptospirosis  outbreaks,
mproper  storage  of  water  for  domestic  purposes
nd poor  refuse  management  appeared  to  be
mportant  in  this  study.  Interventions  including
ommunity education  regarding  risk  factors  for  the
isease should  be  initiated  as  a  matter  of  prior-
ty. Because  unreliable  municipal  water  supplies,
s well  as  improper  water  collection  and  storage,
ay also  be  risk  factors  for  leptospirosis  in  Jamaica,
urther  studies  should  assess  Leptospira  contam-
nation  of  these  speciﬁc  water  sources.  In  terms
f the  waste  disposal  problem,  emphasis  should
e placed  on  evidence-based  measures  that  are
ppropriate  in  a  developing  country  with  signiﬁ-
ant economic  hardships,  and  could  include  such
hings as  waste  composting,  recycling,  and  other
ustainable  modalities. associated  with  leptospirosis  321
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